Objectives-Depression is a common psychiatric disorder in late life and it may be associated with vascular disease processes. Although there are clinical and neuroimaging studies lending support to such a "vascular depression" hypothesis there have been no neuropathological studies to directly test this. Postmortem tissue was investigated to determine whether late life depression was associated with atheromatous change in large and medium vessels and microvascular disease in the brain. Methods-Postmortem tissue wae obtained from 20 patients with a history of at least one episode of DSM-IV major depression and 20 control subjects. Standard procedures were carried out to analyze and quantify Alzheimer type pathology (plaques, tangles, Braak staging) and cortical Lewy bodies. Coronary arteries, cerebral vessels, and aorta were rated for atheromatous disease on a 0-3 scale and the four neocortical areas were rated for microvascular disease. Results-The two groups showed no significant diVerences in age, sex, or postmortem delay. There was a significant increase in atheromatous disease in the depressed group (p=0.023). No diVerences were found for microvascular disease, either in the brain generally or locally in the frontal lobes. No subject had any significant Alzheimer type or Lewy body pathology.
Depression is a common psychiatric disorder in late life, with a prevalence of 2%-3% for major depression and 12%-15% for all depressive syndromes.
1 Recently a proposal has been made that a proportion of people with depression, especially later in life, have a "vascular depression". 2 3 This is analogous to vascular dementia in that it is proposed that vascular disease in some way predisposes, precipitates, or perpetuates the depression. This vascular depression hypothesis is based on accumulating evidence from both clinical and neuroimaging studies.
Clinical studies have shown strong links in both directions between depression and some vascular disorders. Depression is increased after a myocardial infarction and independently predicts an increase in mortality of three and a half times during the next 6 months. 4 However, prospective studies of initially healthy people have shown depression also to be an independent risk factor which increases the risk threefold to fourfold of subsequent coronary artery disease and myocardial infarction. 4 5 Poststroke depression is a well recognised and common occurrence with high rates of depression reported ranging from 20-65%. 6 7 The Almeda County Study recently demonstrated depressive symptoms to be an independent risk factor for subsequent fatal stroke, increasing fatal stroke by 50% over 29 years. 8 Hypertension is associated with a threefold increase in DSM-III major depression 9 and a large, prospective study has shown depressive symptoms to be a risk factor which doubles the rates of subsequent hypertension. 10 Finally, depression is increased in dementia, and this is especially the case when it is a vascular dementia.
11
Magnetic resonance imaging has consistently shown an increase in white matter lesions (WMLs) or signal hyperintensities in depression. 12 13 These are predominantly in the deep white matter 14 15 and subcortical grey matter. 14 16 Such lesions are most strongly linked to depression when they involve neuroanatomical sites which underpin frontal-subcortical circuits. 17 Although WMLs occur in diVerent disorders and arise from a range of pathological processes 18 deep WMLs may be vascular in origin, representing areas of ischaemia and infarction. 19 20 They have been linked to hypertension as both a risk factor 21 and a proposed cause. 22 In depression no neuropathological studies of WMLs have been carried out to determine whether they are in fact vascular in origin and neither has there been any neuropathological assessment of vascular disease in depression analogous to that carried out in vascular dementia. 23 We have carried out a study looking at vascular factors in depression to test whether there is evidence of vascular disease associated with late life depression. Our hypotheses were that there would be increased atheroma in the large and medium sized arteries and increased markers of small vessel disease in the brain parenchyma in depressed patients compared to controls.
Methods

SUBJECTS
Materials from subjects were obtained from the Newcastle brain bank. Full ethical approval has been granted for this postmortem study and consent for postmortem examination obtained from the next of kin.
CLINICAL ASSESSMENT
Depressed patients were included if they were 60 years or older at death and had had at least one well documented episode of DSM-IV major depression. 24 They were all patients referred to hospital with depression whose diagnosis was made during life by experienced psychiatrists and DSM-IV criteria were applied by case note analysis after death. Subjects were excluded if they had committed suicide by violent means-for example, hanging or carbon monoxide poisoning, or had ever met DSM-IV criteria for dementia, schizophrenia, or other psychotic disorders, a manic or hypomanic episode, or a mood disorder due to a general medical condition. Patients with cognitive impairment during depressive episodes were not excluded provided it was regarded clinically as secondary to the depressed mood and the brain showed no neuropathological evidence of changes consistent with a dementia at postmortem. Control patients met the same criteria except, in addition, they had never had a depressive episode. These were drawn from non-psychiatric patients dying elsewhere in the hospital and case note analysis showed no evidence of any ever having had a depressive episode, although depression earlier in life could have occurred and not been recorded. All depressed patients had undergone extensive assessments including a full history, mental state examination, physical examination, screening blood tests, cognitive tests and, in some cases, CT or MR scans. We obtained information from the notes on whether patients had a history of angina, diabetes mellitus, atrial fibrillation, cardiac failure, or hypertension (suYcient to warrant antihypertensive treatment) and on whether they had ever smoked. We used the postmortem assessment of the heart to determine which patients had had a myocardial infarction. Finally potential patients were excluded if there was clinical or neuropathological evidence they had died from a hypoxic episode.
NEUROPATHOLOGICAL ASSESSMENT
All patients received a full postmortem examination (except one whose body was taken by the undertakers after the brain was removed) and the delay to postmortem was recorded. The brains were dissected in a standard manner. Both the left (sliced fresh and snap frozen) and right (formalin fixed) hemispheres were inspected for infarcts and ischaemia and their presence recorded. Tissue blocks from the right hemisphere were taken from the frontal, temporal, parietal, and occipital cortices, the hippocampus, the cingulate, the basal ganglia; the cerebellum, the upper and lower midbrain, the pons and the medulla. Sections of 5 µm or 20 µm were cut and sections were prepared on glass slides. They were stained with haematoxylin and eosin, luxol fast blue and/or Loyez, cressyl fast violet, methanamine silver and/or von Braunmuhl, Palmgren and/or tau-2, and ubiquitin. They were then examined by an experienced neuropathologist (RHP) and patients were excluded if they met neuropathological criteria for Alzheimer's disease or other known causes of dementia or had evidence of any other neurological disorder.
As we wanted to examine a pure (nondemented) group of depressive patients and controls specific histopathological analysis was carried out to quantify the neuritic plaques and neurofibrillary tangles in the four neocortical lobes. 25 Plaques were counted in five fields (which included at least one from the gyral crest, at least one from the sulcul depths, and included all cortical layers) from each neocortical area (frontal, temporal, parietal, occipital). A mean score was obtained and converted to numbers/mm 2 . Neocortical tangles were also counted in five fields in a similar manner except that each count was the mean across all the cortical layers. Alzheimer type pathology was also staged according to the procedure of Braak and Braak, 26 which involves assessing numbers of neurofibrillary tangles and neuropil threads in diVerent parts of the hippocampus (stages 1-4) and neocortex (stages 5 and 6). Lewy bodies were counted as absolute numbers in an area measured using a Kontron Videoplan Image analysis computer and scores were converted to numbers/cm 2 . The sections for this were taken from the various brain areas described in the concensus guidelines for dementia with Lewy bodies. 27 
ASSESSMENT OF LARGE AND MEDIUM SIZED
ARTERIES
The severity of atheroma was rated by a neuropathologist who was unaware of the nature of the study or its hypotheses and therefore who were cases and controls. The most severe atheromatous disease in a vessel was rated in all the main coronary arteries (left anterior descending, circumflex, and right coronary artery), the arteries of the carotid and vertebrobasilar systems bilaterally, and aorta semiquantitatively on a 1-3 scale: 1=mild: atheroma only mild and patchy; 2=moderate: more extensive atheroma with occlusion of lumen less than 50%; 3=severe: atheroma widespread with greater than 50% luminal occlusion in at least one vessel. The aortic assessment was based on the percentage and severity of intimal area aVected. An overall atheroma score was obtained for each patient by adding together the scores from each of these.
ASSESSMENT OF SMALL ARTERIES AND
ARTERIOLES
For assessing microvascular disease the sections stained with haematoxylin and eosin, luxol fast blue and/or Loyez, and cressyl fast violet from the frontal, temporal, pareital and occipital cortices were used. In addition large full face coronal blocks were taken from the frontal cortices to include all the deep white matter in this area. Sections of 10 µm or 20 µm were prepared on large (3 inch×2 inch) slides and stained with haematoxylin and eosin, luxol fast blue and/or Loyez, and cresyl fast violet. Microvascular disease was then scored blind to diagnosis by two raters (RHP and AJT) in each neocortical area in accordance with a scale previously used in vascular dementia. 23 Briefly, this is a 0-3 scale in which 0=normal; 1=dilatation of perivascular spaces or hyaline thickening or a few perivascular macrophages; 2=dilatation of perivascular spaces or hyaline thickening plus mild to moderate perivascular pallor of myelin staining or loosening of the nerve fibres or nerve cells with gliosis; 3=Bin-swanger's disease (2 plus more widespread myelin pallor, nerve fibre or nerve cell disruption and gliosis). An overall microvascular score was calculated for each patient by adding together the scores for each neocortical area. A separate score was obtained by assessment of the frontal deep white matter.
STATISTICS
The two groups were compared using SPSS software (version 9.0) to carry out unpaired Student's t tests or Mann-Whitney U tests, as appropriate, on the quantitative data (age, postmortem interval, plaques, tangles, Lewy bodies). Fisher-Freeman-Halton tests (StatXact version 4) were used to compare the groups on the categorical data (Braak, atheroma, microvascular) and comparisons of the groups on clinical cardiovascular risk factors were carried out using the Fisher's exact test (StatXact version 4) because low cell frequencies meant the 2 test was inappropriate for this categorical data.
Results
Twenty patients with depression and twenty controls were obtained and their characteristics are shown in table 1. There were no significant diVerences in age, sex or postmortem delay between the two groups (p>0.17). The causes of death (controls/depressed) were: cardiac 8/7; pneumonia 3/7; other respiratory 2/2; carcinoma 4/1; suicide 0/2 (both overdose of alcohol and tranquillisers); other 3 (haematemesis, mesenteric infarction, liver failure)/1(renal failure).
The figure shows the distribution of atheroma scores. These were significantly higher in the depressed group (p=0.023 (Fisher statistic 11.2)). A breakdown of the atheroma scores showed the significant diVerence to be due to a trend towards increased atheroma in both the cerebral (p=0.096; Fisher statistic 3.9) and aortic (p=0.060; Fisher statistic 5.71) vessels rather than in the coronary arteries (p=1.00; Fisher statistic 0.19;).
The pathological features rated microscopically are shown in table 1. There were no Lewy bodies detected in either group and both groups also had very low levels of Alzheimer type pathology. 25 A comparison showed no significant diVerences between the two groups on plaque count (p=0.07; U=134), tangle count (p=0.68; U=184,) or Braak stage (p=0.18; Fisher statistic 6.25). The two groups were also very similar in their microvascular scores both generally over the four neocortical areas (p=0.56; Fisher statistic 7.24) and specifically in the deep white matter of the frontal lobe (p=0.79; Fisher statistic 0.70). Table 2 shows the data and comparisons for the two groups on clinical cardiovascular risk factors. The data on myocardial infarction were complete (the one patient whose body was removed was rated from his history) and complete data were obtained on all the depressed patients except for the smoking data. No clinical information on cardiovascular risk could be obtained at all on eight control subjects and on two subjects information was incomplete. The available data showed no significant diVerences between the groups and overall table 2 shows a slight excess of cardiovascular risk in the control group. 
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Discussion
Our two hypotheses were that there would be an increase in atheroma and in microvascular disease in the depressed group. The first was supported as we found a significant increase in atheroma overall (p=0.023), with this being due mainly to the diVerence in the cerebral arteries (p=0.096) and aorta (p=0.060), but the second was not because we found no evidence for increased microvascular disease either generally in the four neocortical lobes or specifically within the deep white matter of the frontal lobe. The hypothesis of "vascular depression" 2 3 is important to test because white matter lesions, which are probably vascular in origin, 19 20 predict both initial treatment resistance 17 28 and poor long term outcome. 29 30 Consequently they may be markers for a potentially treatable and preventable vascular variant of depression. 31 Our finding of increased atheroma is consistent with the evidence from studies of poststroke depression of the importance of large and medium sized vessel disease in depression. 6 There is also evidence that the relation applies in both directions because depression has recently been shown to be a risk factor for fatal stroke. 8 Similarly, the increase in atheroma in the depressed group fits with the evidence, from both cross sectional and cohort studies, of an increased rate of myocardial infarction both before 4 5 and after 4 the diagnosis of depression. The lack of diVerence in the coronary arteries themselves in our groups may be due to a selection bias in which depression earlier in life is associated with coronary artery disease, which leads to early death for such patients. Our depressed group was both elderly and had a late onset of first episode of depression (mean 63.8 years) and a pattern of atheroma which diVerentially aVects other arteries, especially the cerebral arteries, may be associated with late-life depression. The depressed group was found to be comparable with the control group on clinical cardiovascular risk factors and so the findings are not due to an imbalance in cardiovascular risk in the depressed group. Our finding of excess atheroma in this group of late-life depressive patients potentially extends the relevance of atheromatous disease in large and medium sized vessels to depression more generally in elderly people.
The absence of evidence for a relation of depression with microvascular disease is surprising given the links between depression and hypertension, 9 and deep white matter disease. 14 15 The second seems to be vascular 19 20 and specifically microvascular 32 in origin. It may be that microvascular disease is not itself linked to depression (at least in late life) but there are other explanations for our results. It is possible that there is a subgroup of depressive patients with microvascular disease although we did not find direct evidence for this in this series. The semiquantitative method used is designed for studies of vascular dementia where more obvious pathology is present and the numbers in our groups are also small. Therefore we may have failed to detect real, important, but more subtle diVerences between the groups. Again more patients in each group would confer a greater power to detect any diVerences. Two groups of 20 gives 80% power to detect a diVerence of about 1SD and thus we would expect to detect large diVerences but smaller ones could have been missed. A further limitation in our study is that it was a retrospective case note study and so, for example, we cannot be absolutely sure that a control case had not had depression earlier in life, although controls were only included if hospital records indicated an absence of psychiatric history. Although a failure to detect smaller, real diVerences in small vessel disease may have occurred the absence of evidence for more widespead small vessel disease may also point to the importance of focusing on specific neural circuitry-for example, frontal-subcortical circuitry-and looking at the impact of white matter disease on this. Whereas we looked at the deep white matter of the frontal lobes for microvascular disease it is possible that a more detailed and complex analysis focusing on the frontal-subcortical circuits may be fruitful because these are the particular sites of interest 33 in depression and have been proposed as the likely sites of vascular disease. 2 Both our depressed and control patients had low levels of Alzheimer type pathology and no Lewy body pathology; this is comparable with the levels found in a previous study of a large group of normal controls assessed in the same way. They were also much lower than the levels found in patients who had Alzheimer's disease or dementia with Lewy bodies. 25 Thus our findings cannot necessarily be extended to late life depressive patients with evidence of a comorbid dementia.
Our finding of increased atheroma in the large and medium sized vessels in late-life depression merits further study. If confirmed it will indicate that people with depression later in life should be screened for atheromatous disease as a factor perpetuating their depression as well as predisposing them to other vascular disorders. This is of great importance as depression is already the fourth leading cause of disability world wide 34 and is predicted to become the second by 2020. 35 We thank the Stanley Foundation and the Medical Research Council for financial support for this project. 
